Abstract
Introduction
Apart from the intrinsic properties of the molten metals such as fluidity, composition, segregation etc, which affects the soundness of the casting produced, the mould properties also play prominent role in determining the soundness of a casting.
The solidification pattern of a casting determines to great extent the soundness of the final casting produced. When a molten metal is poured into the mould, the first parts of the molten metal to solidify are next to the mould walls (Brophy et al., 1964) which readily conducts heat away. This is an indication of heat storage capacity of the mould which is expressed as the root of the product of the thermal conductivity, the specific heat capacity and the density of the mould materials.
Other factors that may affect the heat storage capacity of the mould include: the composition of the mould material, the moisture content and the temperature of the mould. Also, the nature of mould surface in terms of the degree of roughness or smoothness affects the flow of metal in the mould (Hadano and Yamamto, 1999) . Generally, a change in the mould material can significantly affect the casting produced. One of the common mould materials includes sand.
Sand casting is perhaps the most versatile of the casting methods (Ibitoye, 2005) . This is as a result of its accompanying advantages over others, which include among others: wide range of castables sizes, flexibility to mechanization, ease of handling and cost effectiveness (Heine et al., 1967; Heine et al., 2003) . Currently, these benefits presented by sand casting have not been explored to their full potentials in many of the developing countries (Ibitoye, 2005) . The reasons for this low utilization of sand casting have been traced to problems faced by foundry industry in the developing countries. These problems are operational and technical in nature (Ibitoye and Ilori, 1998) . Solving the needed material problem would be an incentive to development of the industry (Ibitoye, 2005) .
Sand as it naturally occurs consists of the weathered materials from the rock, humus, water and air. This way, sand has little engineering value except it is adapted for some engineering applications. Mostly, sand used for castings are obtained from riversides in deposits mixed in proper proportions requiring little adaptation. Sand adaptation is normally carried out by additions of additives to impart the lacking properties. Bentonite is one of the common additives used (Paluszkiewicz et al., 2008) . Others include amines and SO2 (Glen and Fachem, 1992) , starch (Ibitoye and Afonja, 1996) , sodium silicate, wood flour and coal dust (Ibitoye, 2005) . Often, addition of additives can adversely alter the properties of the green moulding sand (Mathew and Waniko, 1983) . Adedayo (2010) showed that addition of iron filings within the range of 1 wt% to 5 wt% could serve to improve the heat storage capacity of green moulding sand. Some of the important sand properties are green strength, shear strengths, shatter index, permeability, refractoriness, heat storage capacity and moisture content. In this present study, the objective is to evaluate the compatibility of iron filings and snail shell with green moulding sand in order to know their usability with green moulding sand.
Methodology
New silica sand was obtained and this was mixed with bentonite, coal dust and water to prepare standard sand composition. The silica sand was obtained in bags of 25 kg. To every 25 kg of silica sand was added 2.25 kg of bentonite, 1.5 kg of coal dust, 1.75 litres of water (see Table 1 ). The sand constituents were mixed according to AFS procedure (AFS, 1963) using Ridsdale continuous muller.
With this composition of silica sand, other twenty five different compositions of silica sand were prepared by addition of varying percentages of iron filings and snails shell to the silica sand. A control sample, which had no Fe and snail shell contents, was also prepared (see Table 2 ). Iron filings are granulated iron produced from machining of various iron components. The ground Snail shell was gotten from the hard coverings of soft-bodied animals of …… 
Results and Discussion
Figures 1-5 show the variation of moisture content, green compressive strength, green shear strength, permeability and shatter index with iron (Fe) content and snail shell respectively. Green compressive and green shear strengths increased with snail shell content in the sand mix, while the permeability reduces. Moisture content and shatter index do not show a significant trend. Apart from moisture content, the properties of the sand tested, viz: green compressive strength, green shear strength, permeability and shatter index are direct reflections of the force of adhesion between the constituents of the moulding sand. The force of adhesion in turn is dependent on the surface energies or the surface tensions of the constituents.
Generally, surface phenomena are driven primarily by an associated reduction in surface energy. Thus higher energy surfaces are quickly and firmly adhered to by lower energy species (MIT, 2009) . The work of adhesion (W 12 ) which is the work required to separate a unit area of interface between two phases, and is mathematically expressed as: (MIT, 2009) (1) where γ 1 and γ 2 are the surface energies of the two different surfaces. γ 12 is the interfacial energy. It could be seen that as the values of γ 1 and γ 2 get so close, the work of adhesion tend to be equal to the work of cohesion. The implication of this is that for surfaces of similar energy values, there would not be significant difference between the work of adhesion and cohesion of a bicomponent system since γ 12 would be tending to zero at those values of γ 1 and γ 2.
Silica sand and iron has about 1.240 J.m -2 and 1.360 J.m -2 surface energies respectively (Brophy et al., 1964) . Calcium compounds are the major constituent of snail shell. About 38% calcium compounds are present in snail shell (Aduku, 1993) . Calcium compound (CaCO 3 ) has a surface energy of 0.23 J.m -2 . By considering Cassie's equation of multi-component surfaces: i.e. cos θ = f 1 .cos θ 1 + f 2 . cos θ 2 + ……+ f i .cos θ i (Adedayo et al., 2008; MIT, 2009 ) (2) where f i is the fraction of component i and also knowing that cos θ is proportional to the force of adhesion, we may evaluate the resultant surface energy of the silica-iron component as thus: -2 ). This shows that the force of adhesion of bentonite for only silica component and silica-iron component would be similar. However, for the sand mix containing 5 wt% Fe and 5 wt% snail shell, γ = 1.195 J.m -2 . The difference in surface energy of the resulting sand mix is quite large compared to that observed for the sand mix containing Fe. This shows that the force of adhesion of bentonite for silica-iron-snail shell component would be higher compared to silica-iron component and only silica component. This explains the nature observed in the graphs of the sand properties such as: green compressive strength, green shear strength, and permeability i.e. Figures  2-4 . These properties are all (apart from moisture content) direct indications of the force of adhesion between the sand constituents, which increases with the snail shell content.
Also, the oxide of calcium in the snail shells combines with silica (SiO 2 ) in the moulding sand to form several compounds, which also have hydrated forms (EMM, 1984) . The compounds formed are dicalcium silicate, 3CaOSiO 2 with a melting point of about 1700˚C. The compound is important in the manufacture of cement, since they combine with water to form a hard mass which can bind other materials together (EMM, 1984) . This may also be responsible for the observed trend in the sand properties evaluated.
Conclusion
The research shows that addition of Fe filings to green moulding sand have no adverse effects on the casting abilities of standard green moulding sand. Snail shell shows some effects on the properties of the sand. This suggests that Fe filings and snail shell could be added to green moulding sand to adapt their properties without any adverse effects on the vital properties of green moulding sand. These properties could be varied as may be required by adjusting the Fe filing and snail shell content in the green moulding sand.
